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ABSTRACT  
Background 
Delivering effective multiple health behavior interventions to large numbers of adults with chronic 
conditions via primary care settings is a public-health priority.  
Purpose 
Within a 12-month, telephone-delivered diet and physical activity intervention with multiple 
behavioral outcomes, we examined the extent and co-variation of multiple health behavior change.  
Methods  
A cluster-randomized trial with 434 patients with type 2 diabetes or hypertension recruited from 10 
general practices, which were randomized to receive telephone counseling or usual care.  
Results  
Those receiving telephone counseling were significantly more likely than those in usual care to make 
greater reductions in multiple behaviors after adjusting for baseline risk behaviors (OR: 2.42; 95%CI 
1.43, 4.11).  Controlling for baseline risk and group allocation, making changes to either physical 
activity, fat, vegetable or fiber intake was associated with making significantly more improvements in 
other behaviors.   
Conclusions 
For patients with chronic conditions, telephone counseling can significantly improve multiple health 
behaviors, with behavioral changes tending to co-vary.  
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Introduction 
 
Physical activity and dietary changes are important to the ongoing management of many chronic 
conditions including type 2 diabetes and hypertension (1, 2). These are among the most prevalent 
conditions seen in primary care in the USA (3) and in Australia (4). Primary care is thus a highly 
suitable setting for the delivery of multiple health behavior interventions, as many patients present 
with co-morbidities that could benefit from changes in more than a single behavior.  
 
A review evaluating outcomes of single-behavior interventions (physical activity, diet, cigarette 
smoking, or alcohol use) and multiple behavior interventions delivered in primary care settings  found 
significant intervention effects for changes in diet, smoking and alcohol use in single behavior 
intervention trials  (5). Medium- to high-intensity interventions with high-risk patients delivered by 
specially trained physicians or dietary counselors produced medium to large changes in dietary 
outcomes. There was insufficient evidence on the efficacy of physical activity interventions, with 
most studies examining brief, low-intensity interventions delivered in the context of a routine clinical 
visit. Only a small number of multiple health behavior interventions were identified, showing 
significant but modest to small effects for dietary changes, physical activity, and weight loss (5). 
Similar to the evidence for single behavior interventions, greater outcomes for multiple behavior 
interventions were achieved in studies with more intensive interventions and those targeting 
secondary prevention among patients with existing cardiovascular disease and diabetes, or those at 
risk of these illnesses (5). 
 
A systematic review of telephone counseling interventions for physical activity and diet found strong 
support for their efficacy in producing changes in risk behaviors and associated physiologic 
indicators, in both healthy and chronic illness groups (6). However, out of 26 studies reviewed, only 
four focused on both physical activity and diet, with mixed evidence. Two studies reported significant 
improvements in physical activity and dietary behavior (7, 8); one reported improvement in dietary 
behavior but not physical activity (9), which may have been due to the intervention being highly 
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prescriptive for diet, with the inclusion of pre-packaged food; and, one reported no statistically 
significant improvements in either behavior (10). 
 
The emerging field of multiple health behavior interventions has thus far been largely distinct from 
the multi-component disease self-management and weight loss intervention literature (5, 11, 12). The 
latter tend to have a more diffuse focus and include medication management, patient education, and 
communication with physicians, in addition to health behaviors. Typically they are clinic-based 
interventions and outcomes are often markers of disease management or progression, with less 
emphasis on, and less detailed reporting of, changes in underlying health behaviors. By contrast, 
multiple health behavior change research aims to answer specific research questions about the 
feasibility and effectiveness of interventions, particularly broad-reach interventions (6, 13, 14) and 
about the processes of multiple health behavior change (15, 16).  
 
Recent multiple health behavior intervention studies have evaluated whether addressing behaviors 
concurrently or sequentially is more effective, and whether changing one behavior leads to changing 
others (16). Only three studies have evaluated the effect of the order of intervening on multiple 
behaviors – one study supported sequential delivery over concurrent intervention (17), while the other 
two found no difference in behavior change outcomes between sequential and concurrent 
(simultaneous) modalities (18, 19). While there is fairly clear evidence from cross-sectional studies 
that unhealthy behaviors tend to co-occur (20, 21), there is little evidence on how health behaviors co-
vary or change in the context of multiple health behavior interventions (15). Two studies of physical 
activity interventions evaluated whether changes in physical activity served as a gateway for dietary 
changes (not targeted as part of the intervention), but found this not to be the case (22, 23). 
Inclusion of cost-effectiveness outcomes  are still the exception (24), and there is as yet, no consensus 
as to the most appropriate methods for reporting on the outcomes of multiple health behavior change 
interventions. Improvements in single behaviors are most commonly reported, but reporting on 
multiple behavior change has also been recommended as a means of facilitating cross-study 
comparisons (7, 16). A better understanding of these issues, and incorporation of cost-effectiveness 
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analysis, is needed to inform both the implementation and translation of multiple health behavior 
change interventions. 
 
The current study extends the very limited literature on multiple health behavior change interventions.  
We report on a telephone counseling intervention trial for patients with type 2 diabetes or 
hypertension that targeted increases in physical activity, intake of fruit, vegetables and fiber, and 
reduction in total and saturated fat intake. As previously reported (25), significant intervention effects 
were seen for many, but not all, individual health behavior changes.  Both the telephone counseling 
and usual care (control) groups increased their moderate-to-vigorous physical activity, while the 
telephone counseling group showed significantly decreased total fat and saturated fat intake, and 
increased vegetable, fruit and fiber intake relative to the usual care group (25). In this paper, we 
examine the cumulative impact of the program on multiple health behaviors and explore the co-
variation of behaviors by examining whether a change in one health behavior is associated with the 
likelihood of changing others.   
 
Methods 
Study Design 
Data from this cluster-randomized trial were collected from February 2005 to November 2007, with 
analysis from August through October 2008.  The trial was conducted in primary care clinics in a 
socio-economically disadvantaged community bordering Brisbane (the capital city of the state of 
Queensland), Australia (26). The study protocol was first approved by The Queensland University of 
Technology Human Research Ethics Committee in May 2004, and then by The University of 
Queensland, Human Research Ethics Committee in October 2005. A detailed description of the 
methodology of this trial has been reported (27). 
Practice and Patient Recruitment  
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In the study area, 47 practices were approached with the help of a local general practitioner (GP) and 
study investigator. Eleven practices were ineligible and 10 practices consented to participate 
(28% recruitment rate). These ten clinics were assigned to either the telephone counseling 
intervention or to usual care by simple random allocation using a computer generated random number 
table.  Within practices, electronic medical records were searched for patients with type 2 diabetes or 
hypertension, who were 30 years or older, and had a telephone number. GPs screened patient lists for 
contraindications to participation (on insulin, active heart disease, on dialysis, taking warfarin, 
planning knee/hip replacement within next 12 months, regular use of a mobility aid, breathing 
problems requiring hospitalization or oxygen use within the previous 6 months). These exclusion 
criteria were necessary, given that the physical activity component of the intervention was home-
based and unsupervised. GPs sent a recruitment letter to screened patients, followed by a telephone 
call from study staff, in which eligibility was confirmed and consent was solicited. Participants were 
not excluded from the study if they were already meeting national guidelines for physical activity or 
diet as the likelihood of meeting all guidelines is low within this chronic disease population and 
improvements beyond guideline levels may still provide some clinical benefit. A detailed recruitment 
flow chart and analysis of participation has been reported previously (27). Briefly, 2172 patients were 
assessed for eligibility and 1,319 were sent a letter of invitation from their GP (60.7%). Of these, 847 
(64.2%) were successfully contacted, 598 (70.6%) were eligible, and 434 consented to participate 
(72.6% of those able to be contacted and eligible; 20.0% of original sample identified from electronic 
medical records). Participants and non-participants did not differ with respect to chronic disease 
condition or age, but participants were more likely to be female than eligible non-participants. 
Participants compared to eligible non-participants were more likely to have greater than high school 
education, be retired and not working full-time, have a higher household income, be widowed, be 
obese, have more chronic conditions, be never smokers or meet recommendations for fruit intake. (27)  
Telephone Counseling Intervention 
Patients from the telephone counseling practices were mailed a detailed workbook that contained 
information on physical activity and healthy eating, along with a pedometer. They were scheduled to 
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receive 18 phone calls over 12 months from study telephone counselors – median number of calls 
completed was 13 (range: 0-18); mean call duration was 18.2 ± 4.1 minutes. Counselors, all masters-
level graduates with a background in nutrition, were given additional training in physical activity 
promotion and motivational interviewing techniques and the constructs of social-cognitive theory 
which underpinned the intervention (28). The calls, which went from weekly to bi-weekly to monthly, 
followed the 4 A’s approach (5) and included: assessment (and feedback);  advice on physical activity 
and diet;  assistance with collaborative goal setting and developing a personalized plan for modifying 
physical activity and diet; and, the arranging of follow-up support in the form of subsequent 
telephone contacts. Participants chose, in collaboration with the telephone counselor, which physical 
activity and dietary goals were to be addressed and in what order and these were adapted, changed or 
new ones added over the course of the intervention. All participants were encouraged to work on all 
goals. The advice on physical activity and diet was consistent with Australian national guidelines (29, 
30). To ensure fidelity of intervention delivery, counselors met with study investigators for bi-weekly 
supervision and calls were regularly taped.  
Usual Care Group 
After each assessment, participants from usual care practices were mailed a 1-page letter with brief 
feedback on their assessment results. They also received quarterly project newsletters with general 
health tips, along with off-the-shelf brochures on a variety of health topics, including physical activity 
and diet.  
Outcome Measures 
The primary study outcomes were minutes and sessions of moderate-to-vigorous physical activity 
during the week prior to assessment, percent of calories from total and saturated fat, grams of fiber, 
and servings of vegetables and fruit per day. Physical activity variables were assessed by a validated 
questionnaire used in Australian population health surveys (29).
   
The Active Australia survey has 
been reported to be of acceptable validity within the adult Australian population (31).  Test-retest 
reliability of this survey is similar to the International Physical Activity Questionnaire and the US 
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Behavioral Risk Factor Surveillance Survey (32). Servings of vegetables and fruit were assessed using 
validated, reliable, items from the Australian National Nutrition Survey (33).
 
Participants were asked 
about their dietary intake patterns over the last month. These short questions have demonstrated 
validity against more comprehensive self-report measures and biomarkers, specifically serum 
carotenoids and red-cell folate (34). Other dietary intake variables were assessed using a validated 
food frequency questionnaire, which estimates intakes of most nutrients accurately (within 10%) and 
does not systematically under- or overestimate against weighed records (35).  All study data were 
obtained using computer-assisted telephone interviews at baseline, four and 12 months, by trained 
interviewers who were blind to study condition. 
Health behaviors were assessed relative to Australian guidelines at baseline and 12 months: 150 
minutes a week of accumulated moderate physical activity on five or more days per week (29); at 
least five servings per day of vegetables; at least two servings per day of fruit; < 30% of energy intake 
from total fat;  <10% of energy intake from saturated fat and 30grams of fiber per day (30, 36). Only 
participants who met guidelines after the program but not before it were considered to have made a 
positive health behavior change.  Multiple health risk behavior change was examined on the basis of 
an index (37) which was calculated as the difference between the number of health risk behaviors (i.e. 
not meeting guidelines) after the program, compared with before the program.  Due to the non-normal 
distribution, multiple health risk behavior change was collapsed into five response categories: 
increased, unchanged, and reduced by 1, 2, or 3 or more behaviors. 
Statistical Analyses 
Follow-up assessments were completed by 77% (n=175) of the TC group and 81% (n=166) of the UC 
group and there were no substantial or significant differences in baseline characteristics between study 
completers and those who withdrew or were lost to follow-up (25). Five participants with food 
frequency questionnaire data determined to be unreliable using established criteria (38) were excluded 
from analyses. Three who died of unknown causes during the course of the study were also excluded. 
Consistent with the intention-to-treat approach, no change in risk factor status was assumed for those 
who did not complete the 12 month assessment.  Thus, analyses were based on 426 participants.  
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Ordinal logistic regressions tested differences between groups in multiple health risk behavior change 
over the study period, adjusted for baseline scores.  Crude models showed no evidence of 
disproportional odds by Brant test even at p<0.1, therefore ordinal models were considered suitable.  
Ordinal logistic regressions were also used to determine the effect of making one behavioral change 
on the odds of making improvements in other behaviors, adjusted for group allocation.  Arguably, 
changes in total fat intake may alter saturated fat intake (and vice versa) and changes in fruit or 
vegetable intake might affect fiber intake without separate behaviors being adopted; therefore, 
analyses were repeated looking at changes in ‘unrelated’ behaviors only.  Because improvement was 
defined as dropping a risk factor, and participants who did not have a risk factor could not improve 
under this definition, a second model that adjusts for the number of risk factors present at baseline 
was also examined. All regression models used a robust sandwich estimator of variance (39) to 
correct for clustering within GP practices.  Analyses were performed in Stata Version 10 and SPSS 
Version 15.   
 
Results 
At baseline, the groups allocated to telephone counseling and usual care were similar with respect to 
demographics, physical activity and diet (Table 1) and did not differ statistically on any characteristic.  
As reported previously, respondents and non-respondents also did not differ (27) and there was no 
evidence of differential attrition (25). The majority of participants were hypertensive, had three or 
more chronic conditions, were female, Caucasian, married, non-smokers and on average were aged 58 
years.  At baseline, most were not meeting guidelines for physical activity and dietary behaviors, with 
the exception that approximately half consumed two or more servings of fruit per day.  Very few 
participants (0.2%) met all six guidelines at baseline, and most (65.5%) met none or only one. The 
median number of total calls completed was 13 (range: 0-18) and the mean call duration was 
18.2 (SD 4.1) minutes. 
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Cumulative Impact on Multiple Health Behaviors 
More than half (53.4%) of usual care participants made no changes in the number of health risk 
behaviors at 12-months follow-up and less than a third (32.8%) reduced their risk behaviors by one or 
more, compared to those in the telephone counseling group where just over a third (38.6%) made no 
changes and more than half (52.5%) reduced their risk behaviors by at least one (Table 2). Those in 
the telephone counseling group were more than twice as likely than those in the usual care group to 
make greater reductions in multiple behaviors over the course of the intervention, even after 
adjustment for the number of behaviors not being met at baseline (OR: 2.42; 95%CI 1.43, 4.11; Table 
2).   
 
Co-Variation Among Health Behaviors 
Participants who made improvements in total fat, saturated fat, vegetables, and physical activity were 
significantly more likely to make a greater number of improvements to other unrelated behaviors, 
having adjusted for group allocation and the number of behavioral risk factors present at baseline 
(Table 3). Confidence intervals were wide, so the true strength of associations is difficult to discern, 
however, the increase in odds of making more changes were generally substantial (OR >2). 
Participants who improved their fruit intake showed a similar trend towards making more other 
behavioral changes, but the relationship did not reach statistical significance.  Reduced odds of 
making changes to unrelated behaviors was only seen with fiber intake, and this relationship did not 
reach statistical significance. 
 
 
Discussion 
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This is one of the first studies to empirically evaluate the co-variation of changes in physical activity 
and multiple aspects of diet, in the context of a telephone-delivered, multiple health behavior 
intervention. Participants had over twice the odds of reducing multiple behavioral risk factors (to the 
standard of meeting national guidelines) over a 12-month period, compared to those receiving usual 
care. This was independent of initial behavioral status, which supports the inclusive nature of our 
recruitment, whereby no one was excluded based on meeting physical activity or diet guidelines at 
baseline. 
 
As previously reported the program was also cost-effective (40) and adds to a small but growing 
literature supporting the cost-effectiveness of multiple health behavior interventions (7, 24).  In 
summary, the results showed an incremental cost per QALY of $29,375, indicating that the TC is 
cost-effective, as Australian health-care decision makers’ are willing to pay up to $64,000 per QALY 
(41). This has important implications for real-world settings where telephone-delivered 
interventions hold distinct promise for their potential of adoption by government and non-
government agencies and health maintenance organizations that operate telephone 
information, support and triage centers.
9 
Currently, two  Health departments in the Australian 
states of Queensland and New South Wales are implementing and evaluating an adaptation of this 
program.  
 
There are few other telephone-delivered, multiple health behavior intervention trials with which to 
compare our findings. Most similar, in terms of its behavioral, as opposed to disease management, 
focus, and social-cognitive underpinnings, is a trial conducted by  Emmons and colleagues (7), in 
which a  telephone and tailored print intervention to reduce multiple behavioral risk factors was 
implemented with  individuals diagnosed with adenomatous colon polyps. This trial resulted in a net 
improvement in multiple health behaviors (diet, physical activity, smoking and alcohol), in which 
47% of those in the intervention group and 35% of those in usual care made an improvement in at 
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least one risk factor, compared to our 53%  and 33%, respectively. Costs to deliver the intervention 
and cost per risk factor dropped were also reported, although formal cost-effectiveness analyses were 
not conducted. The greater intensity of our intervention (18 calls over 12 months), compared to 
Emmons (five calls over 4 months), and the different behaviors targeted may explain the differential 
intervention effects. 
 
Our examination of whether change in one behavior was associated with changes in other behaviors 
revealed a high likelihood of co-variation across most behaviors. This co-variation does not appear to 
be explained simply as one behavior change being associated with change in another related behavior 
(for example, participants who succeed in reducing their total fat intake also changing their saturated 
fat intake), as seemingly unrelated behaviors co-varied. Physical activity changes were associated 
with dietary changes, for example.  This is a very new area of research (16) and to our knowledge, 
only one other study has examined co-variation in the context of a multiple health behavior 
intervention (42). However, this study looked at change in terms of progression in stages of change 
based on the Transtheoretical model and not at the change in behavior per se.  Similar to our findings, 
significant co-variation among both physical activity and dietary behavior changes was reported; 
further, this co-variation was greater for those in the intervention, compared to the control, condition. 
These findings support the effectiveness and efficiency of intervening on multiple health behaviors. 
 
While not empirically evaluated in this study, the co-variation of behavior change is consistent with 
the social-cognitive underpinning of the intervention (28), which posits that the approach to changing 
one behavior (i.e., goal setting, self-monitoring, and  enlisting social support) will  increase self-
efficacy in applying these skills to other behaviors.  As such, the social-cognitive underpinnings of 
successful change may be similar across health behaviors, making it more efficient to intervene on 
multiple health behaviors at the same time (43). This is consistent with the way behavior change 
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strategies were emphasized in the intervention, where the 4 A’s approach (assessment, advice, 
assistance, and arranging follow-up) was implemented across all targeted behaviors (5).  
 
There are limitations to our study. Self-report measures of physical activity can be subject to over-
reporting (44), with under-reporting for dietary fat intake (45). However, the measures used have all 
been subject to rigorous testing, and are routinely used in epidemiologic and intervention research 
(29, 34, 35). The ordering of behavioral focus was not experimentally allocated, thus it cannot be 
inferred that the act of making specific behavioral changes is a causal influence on the odds of making 
other changes.  It may be that participants who engaged strongly with the program made multiple 
changes, while those who were less engaged tended to make few or no changes. Limitations also 
include the low participation rate of the GP practices (28%), however this is comparable to 
other GP-based intervention studies (46), and we note that GPs were not involved in 
intervention delivery. 
 
This study adds to a small but growing literature on broad-reach (telephone-delivered) multiple health 
behavior change interventions. Results suggest that such interventions can be delivered effectively 
and cost-effectively to primary care patients with multiple co-morbidities and significant behavioral 
risk factors. The co-variation in behavioral change supports the notion that there is a synergy in 
multiple health behavior interventions – one that, far from overwhelming program participants, can be 
capitalized upon to effect improvements in multiple health behaviors. Future research on multiple 
health behavior interventions needs to continue to address how best to report on intervention 
outcomes to maximize their ability to inform policy and practice – this includes addressing the effects 
of such interventions on long-term maintenance of multiple behavioral changes. 
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Table 1 Baseline characteristics by group 
 
All Telephone 
Counseling 
Usual Care  
Characteristic (n=434) 
% 
(n = 228) 
% 
(n = 206) 
% 
Type 2 diabetes 45.4 49.1 41.3 
Hypertension 85.5 87.3 83.5 
Diagnosed with > 3 chronic conditions 61.8 63.6 55.4 
Gender (female) 61.1 62.3 59.7 
Ethnicity (Caucasian) 91.0 90.4 91.7 
Marital status (Married/living together) 71.2 70.2 72.3 
Education, > high school graduate  44.9 46.0 43.7 
Employment 36.2 36.4 35.9 
Age, y, mean (SD) 58.2(11.8) 58.7(11.7) 57.8(11.9) 
Body mass index, kg/m
2
, mean (SD) 31.1(6.8) 31.5(7.1) 30.6(6.5) 
Individual Health Risk Behaviors
a
:    
> 30% Percent energy from total fat
 b
 90.1 89.4 90.6 
> 10% Percent energy from saturated fat
 b
 94.6 94.7 94.6 
< 5 servings of vegetables per day 83.4 83.3 83.5 
< 30 grams fiber per day
 b
 85.1 82.7 87.7 
< 2 servings of fruit per day  52.3 50.4 54.4 
Moderate to vigorous physical activity <150 
minutes, < 5+ times per week 
25.3 25.0 25.7 
Multiple Health Risk Behaviors:
a,b 
   
0 0.2 0.5 0.0 
1-2 3.5 4.0 3.0 
3-4 30.8 30.1 31.5 
5-6 65.5 65.5 65.5 
 
a 
People not meeting national guidelines 
b
 due to invalid dietary data, n=226 Telephone Counseling, n=203 Usual Care. 
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Table 2  Multiple health risk behavior change among participants receiving Telephone Counseling and Usual Care   
 
Change in number of health risk behaviors  
(%) 
Odds of greater improvement  
(OR, 95% CI)
1
 
 
+1 or more 0 - 1 -2 -3 or more Crude Adjusted
2
 
All participants        
Usual Care (n=203) 13.7 53.4 20.1 8.8 3.9 ref ref 
Telephone Counseling 
(n=223) 9.0 38.6 26.5 14.3 11.7 2.17 (1.31, 3.57)**  2.42 (1.43, 4.11)** 
1 
Table presents OR and 95% CI from ordinal logistic regression model, with clustered robust sandwich estimator of variance to correct for 
clustering by practice 
2
 Adjusted for number of health risk behaviors at baseline 
* p< 0.05 
** p < 0.01 
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Table 3 Relationships between reducing health risk behavior (transitioning from not meeting to meeting health behavior guidelines) and concurrent changes 
in unrelated behaviors 
 
Change in number of other health risk 
behaviors (%)  Odds of  improvement in unrelated behaviors
1
 
+1 or 
more  0 -1 -2 
-3 or 
more  Model 1: OR (95% CI) 
2
 Model 2: OR (95% CI) 
3
 
Reduced fat risk  
        
No (n=393, 92.25%) 12.0 48.9 23.9 10.9 4.3  ref ref 
Yes (n=33, 7.75%) 9.1 18.8 21.2 27.3 24.2  2.42 (1.18, 4.94) 2.12 (1.05, 4.27) 
Reduced saturated fat risk  
        
No (n=372, 87.32%) 12.4 50.8 24.2 9.1 3.5  ref ref 
Yes (n=54, 12.68%) 13.0 18.5 29.6 24.1 14.8  3.29 (2.12, 5.10) 4.23 (2.44, 7.31) 
Reduced fruit risk  
        
No (n=337, 79.11%) 13.9 55.0 20.4 7.4 3.3  ref ref 
Yes (n=89, 20.89%) 11.2 34.8 28.1 18.0 7.9  2.18 (0.92, 5.14) 1.88 (0.81, 4.35) 
Reduced vegetable risk  
        
No (n=343, 80.52%) 14.0 55.5 20.4 6.7 3.5  ref ref 
Yes (n=83, 19.48%) 4.8 36.1 32.5 15.7 10.8  2.70 (1.58, 4.61) 3.08 (1.90, 5.00) 
Reduced fiber risk  
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No (n=393, 92.25%) 12.2 48.9 22.4 10.4 6.1  ref ref 
Yes (n=33, 7.72%) 6.1 33.4 27.3 21.2 9.1  0.69 (0.26, 1.88) 0.57 (0.18, 1.78) 
Reduced physical activity risk                   
No (n=347, 81.46%) 12.9 53.2 21.6 8.9 3.5  ref ref 
Yes (n=79, 18.54%) 16.5 31.7 24.1 19.0 8.9  1.79 (0.84, 3.81) 2.05 (1.01, 4.12) 
  
1
 Table presents Odds Ratio and 95% Confidence Interval from ordinal logistic regression models with a clustered robust sandwich estimator of variance to 
correct for clustering by practice.  Fat and saturated fat, vegetables and fiber, fruit and fiber are considered ‘related’ behaviors while all others are considered 
unrelated behaviors. 
2
  Model 1 adjusts for group allocation 
3
  Model 2 adjusts for group allocation and number of other unrelated health behavior risk factors present at baseline 
